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1
BIBD (balanced incomplete block design : [11, [2] $)$ $v$ $b$ 0-1
, (i) 1 $r$ , (ii) 1 $k$ , (iii) 2 $\lambda$ ,
. , 2 , 2 .
$v,$ $b,$ $r,k,$ $\lambda$ BIBD , BIBD$(v, b, r, k, \lambda)$ . BIBD$(v, b,r,k, \lambda)$ $X=(x_{ij})$
, $(i)\sim(iii)$ .
$\sum_{l\overline{-}1}^{b}x_{il}=r,$ $i=1,$ $\cdots,v$, (1)
$\sum_{i\cdot 1}^{\nu}x_{il}=k,$ $l=1,$ $\cdots,b$ , (2)
$\sum_{l\cdot 1}^{b}x_{il}x_{jl}=\lambda,$ $i,j=1,$ $\cdots,v,$ $i<j$, (3)
$x_{ll}\in\{0,1\},i=1,$ $\cdots,v,$ $t=1,\cdots,b$ . (4)
$X$ BIBD , , $Y$ BIBD .
, $X$ $Y$ (isomoiphic) . $(v, b,r,k,\lambda)$ ,
BIBD . (1) $\sim(4)$ 1 $X$
, BIBD .
BIBD , [3] , ,
, . .
, , ( 6)
[4].
2 BIBD
(1) $\sim(4)$ . .
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2[51 BIBD$(v, b, r,k, \lambda)$
$b\geq v,$ $r\geq k$ (7)
$b=v,$ $r=k$ BIBD BIBD .
BIBD ,
.
3[5] $v,$ $\lambda$ $k=3$ BIBD$(v,b,r,3, \lambda)$
$b= \frac{\langle v-1)}{6}\lambda,$ $r= \frac{\lambda(v-1)}{2}$ (8)
.
1[5] $v$ $k=3,$ $\lambda=1$ BIBD$(v, b,r, 3,1)$ $b=$
$v(v-1)/6,$ $r=(v-1)/2$ ,
$v\equiv$ lor3 mod6 (9)
.
3 BIBD, $k=3$ 3 (triple system: TS) , 1 BIBD
3 (Steiner rmple system) , STS(v) .
(5) $\sim(7)$ $(v, b,r,k,\lambda)$ , BIBD$(v, b,r,k,\lambda)$
, 3 , 19 Kixkman [6] , $k=3,4$
$Han-[7]$ BIBD .
(finite projective geometry:FPG) (finite affine geometry:FAG),
(difference set:DS) , BIBD$(V, b,r,k, \lambda)$
[3].
, BIBD
. , (constraint programming: CP) [8],
(ANN) [91, (SA) [101, (LS) [11] .
, ,
( ) BIBD .
3
(1) $\sim(4)$ $X=(\chi_{j})$ ,
0-1 -P .
178
$\overline{P}$ : $\max\sum_{i=1}^{v}(\sum_{l=1}^{b}x_{il})+\sum_{l\underline{-}1}^{b}(\sum_{i=I}^{v}x_{il})+\sum_{i\overline{-}1j}^{w1}\sum_{i+1}^{v}(\sum_{l\cdot 1}^{b}x_{il}x_{jl})$
$s.t$ . $\sum_{l=1}^{b}x_{il}\leq r,$ $i=1\cdots v$,
(10)
(11)
$\sum_{l\overline{-}1}^{v}x_{i}i\leq k,$ $l=1,$ $\cdots,b$ , (12)
$\sum_{l\cdot 1}^{b}x_{ll}x_{jl}\leq\lambda,$ $i,j=1,$ $\cdots,v,$ $i<j$, (13)





(ii) $\overline{P}$ $X=(x_{ij})$ , $z(X)$ ,
$z(X) \leq vr+bk+\frac{v(v-1)\lambda}{2}$ (15)
(iii) (15) , (1) $\sim(4)$ . , $X$ BIBD .
, $\overline{P}$ (15) $X$ BIBD$(v, b,r,k,\lambda)$ , (15)
BIBD . , $P$ ,
. , $X$ 1
.
, $X$ $i$ , $\overline{X}_{j}=(\overline{x}_{il})(i=1,2, \cdots,j)$ $j$
. (1) $\sim(4)$ ,
$\sum_{l\cdot 1}^{b}\overline{x}_{ll}=r,$ $i=1,2\cdots,j$, (16)
$\sum_{i=1}^{j}\overline{x}_{il}\leq k,$ $l=1,2\cdots,$ $b$ , (17)
$\sum_{l\Rightarrow 1}^{b}\overline{x}_{hl}\overline{x}_{ll}=\lambda$ . $h,$ $i=1,$ $\cdots,j,$ $h<i$. (18)
$jxb$ 0-1 . $\overline{X}_{J}$ , $j+1$ ,
$\sum_{l\cdot 1}^{b}x_{l}=r$ (19)
$x_{l} \leq k-\sum_{i\cdot 1}^{j}\overline{x}_{ll},$ $l=1,2,$ $\cdots,b$ (20)




. , $\overline{P}$ (19), (21)
.
$P_{j}(X_{j})$ : $\max\sum_{l=1}^{b}x_{l}+\sum_{l=1}^{b}(\sum_{i=1}^{j}\overline{x}_{il})x_{l}$ (23)
$s.t$ . $\sum_{l\cdot 1}^{b}x_{l}\leq r$, (24)
$x_{l} \leq k-\sum_{l=1}^{j}\overline{x}_{il},l=1,2,$ $\cdots,b$, (25)
$\sum_{l\cdot 1}^{b}\overline{x}_{ll}x_{l}\leq\lambda,i=1,2,$ $\cdots,j$, (26)
$x’\in\{0,1|$ . (27)
$\overline{P}$ , 0-1 , CPLEX[12] MIP
. $z_{/}(X_{j})$ , 4 ,
$z_{j}(X_{j})=r+j\lambda$ (28)
, (19) $\sim(21)$ . , (28)
(22) $\overline{X}_{j+1}$ $j+1$ .
$X$ 2
$\frac{r}{11\cdots 11\cdots 1}0\cdots 00\cdots 0$
$X_{2}=(11\cdots 10\cdot 01\cdots 10\cdots 0)\vee\cdot\cdot\vee$
(29)
$\lambda$ $r-\lambda$
, , $X_{2}arrow X_{3}arrow\cdotsarrow X_{v}$ $v$ BIBD
. , (28) ,
.
, $P_{j}(X_{j})$ , (28)
X $j+1$
. $X_{j}$ (28) $P_{j}(X_{j})$ , $j+1$
$X_{j}$ . ,
, BIBD $X_{2}$ BIBD
. (28) , $z_{j}(X_{j})<r+j\lambda$ , $X_{j}$ BIBD
$X_{j}$ . BIBD $v$
, .
, $X_{2}$ BIBD $\searrow$
. , . ,
$X_{j}$ , 1 Xj-l , $i$
. $i$ ,
Xj-l . 1 .
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4
, i) $P_{j}(X_{j})$ , ii)
, iii) . .
, CPLEX[12] $P_{j}(X_{j})$ , $x^{*}$ $z_{j}(X_{j})$ .
$x^{*}$ , , $P_{j}(X_{j})$
.
$P_{j}(X_{j},F,R)$ : $\max(23)$
$s$ . t. (24)$\sim(27)$ ,
$x_{i}=1$ , $i\in F$ (30)
$x_{i}=0$ , $i\in R$ . (31)
, F. $R$ 1 $0$ ,
$P_{j}(X_{j})$ . BIBD
BABJ IBD .
, $P_{j}(X_{j},F,R)$ 0-1 (IP )
. , LP (28)
, Step2(i) . , LP
0-1 Step2(ii) IP . Step2(i), (ii)
BABiBIBD(LP), (i) (ii) BABBIBD(IP)
.
, , Step4 $U$
(Step5 )
. BABBIBD(FORWARD), BABJ IBD(BACKWARD) , IPIP
BABBIBD(FORWARD, LP) 4 .
5
ANSIC , DELL Precision670 (CPU:Xeon3.$8GHz$,
: $512MB)$ MIP ILOG CPLEX10. 100 [12] . 1 ([10],
[111 ) 63 , BABi IBD(FORWARD, LP)
, BAB , Time over 3600
. (CP, [8 ),
(ANN, [9]), (SA, [10]), (LS, [111)
, LS DEC Alphaserver i00OA 5/300 $(300MHz)$ CPU ( )
. ANN, SA . ,
$(-)$ .
, , CP, ANN,





Step 1. $j=v$ $X$ BIBD .
Step 2. (i) LP $\overline{P}_{j}(X,F,R)$ .
(a) $\overline{z}_{j}(X,F,R)<r+\lambda$ retum.
(b) $x_{j}(X,F,R)$ step3 , (ii) .
(ii)IP $P_{j}(X, F,R)$ .
(a) $z(X,F,R)<r+\lambda$ retum.
(b) step3 .
Step 3. (22) . $X$ $x(X,F,R)$ $j+1$ . BABBIBD$(i+$
$1,X,\emptyset,\emptyset)$ .
Step 4. $x^{*}(X,F,R)$ $U:=\{l|x_{l}=1, l\not\in F\}$ , ( , )
$U=\{u_{1},u_{2},$ $\cdots$ , up $\}$ .
Step 5. $l=1,2,$ $\cdots,p$ .. $F’:=F\cup$ { $u_{1},$ $u_{2},$ $\cdots$ , ul-l}, $R’:=R\cup(u_{l}\}$ .. BABBIBD$0_{1}X.F’,R’$) .
Step 6. $0^{\chi)}$ BIBD .
6
, BIBD MIP
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6 3015 3 6 $O$ 0.00 0.00
6 40 20 3 8 $O$ 0.21 0.00
7 7 3 3 1 6.63 O $O$ 0.00 0.00
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$v$ $b$ $r$ $k$
$\lambda$
$1:CP$ ( )SA LS BAB
$\overline{115515330.230.01}$
11 $5S$ 20 4 6 0.80 0.03
11 11 5 5 2 $O$ 0.04 0.02
11 110 30 360.91 0.02
12 44 11320.25 0.01
12 33 11 4 3 0.33 Time over
12 22 11 65 $O$ 1.23 0.03
12 88 22 3 4 0.94 0.03
13 26 6 3 1 $\circ$ 0.15 0.01
$\frac{1313441O\circ 0..010.00}{133915S511200.05}$
13 26 12 6 5 7.93 17.60
13 52 12 3 2 0.31 0.02
13 78 18 3 3 1.09 0.02
13 104 24 3 4 1.81 0.04
14 26 13 7 6 – 0.38
15 35 7 3 1 $\circ$ 0.54 0.02
$1S$ 42 14 5 4 42.90 0.14
15 35 14 6 5–3.29
$\frac{1515773O0..610..01}{15701432150002}$
16 80 15 3 2 2.81 0.04
16 20 5 41 0.16 0.02
16 $4S$ 15 5 4 43.20 0.11
16 16 6 6 2 $O$ 0.54 Time over
16 24 9 6 3 9.80 0.03
16 40 15 6 5 – 2.75
18 51 17 6 5 – 0.79
19 57 9 3 1 3.91 0.04
$\frac{19199949.730.21}{21215510.220.31}$
$25$ 30 6 5 1 14.30 0.05
31 31 6 61 2.04 0.06
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